A total of 135 L. monocytogenes strains isolated from slaughtered cattle and beef meat were tested by the pulsed field gel electrophoresis (PFGE). The AscI restriction analysis revealed a genetic heterogeneity among investigated isolates since 31, 9, and 35 profiles were distinguished among hide, carcass, and meat strains, respectively. The PFGE profiles of the isolates were also analysed in relation to serotypes, virulence genes, and antimicrobial resistance. It was shown that strains displaying the same PFGE type were of the same serotype while correlation between pulsotype and antimicrobial resistance was poor. The obtained results suggest that a cross-contamination between bovine hides and carcasses may occur during the slaughter process. Moreover, identification of identical PFGE types among L. monocytogenes found during a study period may suggest a common source of contamination or presence of persistent strains able to survive for a long time. These results emphasise the importance of molecular subtyping methods, including PFGE, in monitoring and tracking pathogen contamination along food chain.
Listeria monocytogenes is a Gram-positive, intracellular pathogen widespread in different environments, including soil, grass, water, as well as different types of food: smoked fish, soft cheeses, unpasterised dairy products, and meat (6, 16) . The bacteria may survive in various processing areas because of their ability to grow at low temperature, capacity to adhere to different food contact surfaces, and forming biofilms (15) . Infection with L. monocytogenes is a major health safety issue since it is responsible for a serious foodborne illness. In some groups with a high risk, such as neonates, elderly, pregnant women, and immunocompromised persons, consumption of food contaminated with these bacteria may cause a disease called listeriosis, which is manifested by meningitis, liver damage, septicaemia, and spontaneous abortion (2, 6) .
Several studies demonstrated that L. monocytogenes is present along beef chain (1, 4, 14, 17, 18) . There are various routes of introducing pathogen into food-processing environments, e.g. by contaminated raw ingredients used in food production plants or direct contamination of carcasses or ready-to-eat food. Thus, in order to ensure the safety of the customers, apart from controlling the presence of pathogen, it is suggested that the studies should be focused on establishing routes and sources of carcass contamination with L. monocytogenes at abattoir. To assess the routes of transmission and molecular relatedness of the isolates, usually the pulsed field gel electrophoresis (PFGE) method is applied due to its discriminatory power and reproducibility of the results (3) .
The aim of the study was the PFGE typing and assessment of relatedness of L. monocytogenes strains isolated from cattle during slaughter process and from beef meat intended for human consumption.
Material and Methods

L. monocytogenes isolates.
A total of 406 bovine hides and corresponding carcasses, as well as 417 beef meat samples collected between October 2007 and January 2010 in the eastern part of Poland, were used in the study. L. monocytogenes isolates were subjected to serotyping and virulence genes identification as described previously (17, 18) . Moreover, antimicrobial susceptibility of L. monocytogenes was performed as described before using the minimal inhibitory concentration (MIC) method (Trek Diagnostic Systems, USA) with the GPN3F plate (Trek) containing a panel of 17 antimicrobials agents (17, 18) . PFGE. L. monocytogenes strains were characterised by DNA macrorestriction analysis using the PFGE protocol developed by the European Union Reference Laboratory for L. monocytogenes with some modifications (9) . Briefly, the isolates were cultured on TSYEA agar overnight at 37°C, and 240 μL of cell suspension (absorbance: 1.0 -1.2 at 620 nm) were mixed with 60 μL of lysozyme (10 mg/mL) and incubated for 10 min at 37°C. Then, 300 μL of mixture consisting of 1.2% SeaKem Gold agarose (Cambrex, USA), 20% SDS (Sigma, Germany), and 20 mg/mL Proteinase K (Sigma) was added to suspension, mixed gently and dispensed immediately into plug moulds. Subsequently, prepared plugs were lysed at 37°C in shaker bath for 2 h, and washed twice with sterile water and four times with TE buffer. Finally, bacterial DNA was digested with 10 U of AscI restriction enzyme (Fermentas, EU) for 4 h at 37°C. The separation of generated DNA fragments was performed with 1% SeaKem Gold agarose gels in 0.5 X TBE buffer (Sigma) on CHEF DR II (Bio-Rad, USA) at 6 V/cm with initial and final time 4-40 s over 18 h. XbaI-digested Salmonella Braenderup H9812 was used as a reference size standard. Bionumerics software version 5 (Applied Maths, Sint-Martens-Latem, Belgium) was used for the analysis of PFGE fingerprinting profiles. Dendrograms were generated based on the Dice correlation coefficient for similarity, and the unweighted-pair group method with arithmetic means (UPGMA) was employed for cluster analysis. Band matching was carried out at optimisation of 1% and position tolerance of 2%. The 95% of similarity was applied to differentiate the L. monocytogenes pulsotypes.
Results
Characteristics of L. monocytogenes isolates.
A total of 135 L. monocytogenes isolates were used in the study. Forty four strains were recovered from bovine hides, 10 from the corresponding carcasses, and the remaining 81 strains were of beef meat origin (17, 18) . All the isolates were positive for the inlA, inlC, inlJ, and lmo2672 genes whereas the llsX marker was identified only in six strains. The antimicrobial resistance analysis revealed that most of the isolates were resistant to at least one antibiotic used in the study (Table 1) .
PFGE analysis. Based on the PFGE profiles, three dendrograms were generated for strains originating from slaughtered cattle (i.e. from hides and carcasses), meat, and for all isolates together. It was found that 44 L. monocytogenes isolates recovered from bovine hides were classified into 31 PFGE types named H1 -H31. The vast majority of profiles (i.e. 23; 74.2%) were represented by only one strain, whereas the remaining eight profiles contained more then one L. monocytogenes isolate. The strains displaying the same pulsotype were classified into small clusters (PFGE groups) with two to four isolates. It was noted that the isolates assigned to the same PFGE group were usually of the same serotype except cluster H3, which had two strains of different serotypes -1/2a and 1/2c ( Table 2 ). The isolates of the same PFGE group possessed the same virulence markers except one isolate positive for the llsX gene, classified to cluster (H8). Furthermore, the L. monocytogenes isolates assigned to the same cluster revealed either identical or different antimicrobial resistance patterns (Table 2) .
In case of 10 L. monocytogenes isolates recovered from bovine carcasses, nine PFGE profiles were distinguished (C1 -C9); only one of them contained two strains of carcass origin (C1) and two additional isolates were PFGE identical with L. monocytogenes recovered from bovine hides (clusters H21/C5 and H28/C7) ( Table 2 ). Comparison of the PFGE types of the isolates recovered from hides and carcasses revealed that all 54 strains were clustered into 38 genotypes. Table 1 and the number of isolates Among them, 28 profiles (73.7%) were represented by only one strain and the remaining 10 profiles contained more then one L. monocytogenes isolate. The majority of the clusters had strains isolated from the same source, i.e. from hides or carcasses, however, two profiles covered the isolates of both origins. These strains were isolated from animals slaughtered at the same abattoir but at different time. Furthermore, they were of the same serotype and displayed different antimicrobial resistance patterns ( Table 2) .
The PFGE analysis of 81 L. monocytogenes strains isolated from meat demonstrated 35 different pulsotypes named from M1 to M35. Most of the isolates were clustered into 11 groups containing at least two L. monocytogenes strains (Table 3) , whereas the remaining 24 profiles were positive for only one isolate. In comparison to the hide and carcass profiles, the meat isolates were grouped into larger clusters composed of 13 (M12) or even 18 (M14) strains. Among these groups, there were isolates of the same serotype (1/2a or 1/2c), recovered from meat purchased either at the same or different supermarkets at different periods. Furthermore, the strains possessed all the virulence markers tested except the llsX gene and their antimicrobial resistance patterns were either the same or different (Table 3) .
To evaluate a relationship between isolates originating from all samples, the third dendrogram based on the PFGE profiles of 135 L. monocytogenes strains was generated. According to this dendrogram, the common pulsotypes for isolates of different origin were found, four clusters contained the hide and meat isolates while one cluster covered the strains of carcass and meat origin. All these strains were isolated between 2007 and 2010 from one abattoir and five different retail meat stores. The common PFGE groups almost always contained the strains of the same serotype except one cluster with the isolates of 1/2c serogroup connected with one strain of 1/2a serotype. Furthermore, all these strains were positive for the same virulence genes, but displayed different antimicrobial resistance profiles.
Discussion
Genetic relatedness of L. monocytogenes isolates form bovine hides, carcasses, and beef meat were determined in the study. PFGE analysis of 135 strains revealed that investigated strains were generally heterogeneous as it was indicated by a large number of PFGE profiles. Despite the diversity of the obtained pulsotypes, several common PFGE types were also identified, which clustered from two to even 18 L. monocytogenes isolates. It was observed that strains isolated at the slaughter level were more diverse than those recovered from meat since only eight and one clusters were identified among hide and carcass isolates, respectively, as compared to 11 clusters with strains of meat origin. Furthermore, the isolates obtained from beef meat were grouped into larger clusters with as many as six, 13, and even 18 L. monocytogenes strains. A higher molecular identity, based on the PFGE analysis, was found by Guerini et al. (7) , who detected only two AscI-restriction patterns in 64 L. monocytogenes strains recovered from cattle carcasses in the USA; among them one cluster consisted of as many as 63 isolates. These results may suggest a common source of bacterial contamination. Similar molecular homogeneity was observed among strains isolated from bovine carcasses, meat, and knifes when L. monocytogenes was isolated from another processing plant (13) . On the other hand, investigation of 300 samples of food (including meat) and food related area revealed a high heterogeneity of the strains since among 164 PFGE profiles, 121 were unique (11). Similar observations were described by Galvão et al. (4) where 29 L. monocytogenes isolates originating from beef processing facilities, bovine carcasses, and final products were clustered into 24 PFGE profiles of which 20 were represented by only one strain. Furthermore, the association between PFGE profiles and identified serotypes was observed, which is in accordance with the results of present study. The characterisation of distinguished PFGE profiles in correlation with serotypes revealed that the vast majority of strains of the same pulsotype were of the same serovar; only two isolates of different serotypes, (1/2a and 1/2c) sharing the same PFGE pattern were identified. On the other hand, PFGE profile diversity, independent of the serotypes, was observed among L. monocytogenes isolates obtained from food and production environment samples in the study of Nucera et al. (11) . According to Giovannacci et al. (5) , there is no clear correlation between PFGE pattern and serotype, strains of the same pulsotype may possess the same or different serogroups. The analysis of the relatedness of L. monocytogenes strains isolated in the study indicated a poor correlation between their PFGE profiles and antimicrobial resistance, despite the fact that some of the isolates of the same pulsotype were of the same resistance pattern (Tables 2 and 3 ). Similarly in the study conducted by Zhang et al. (19) , there was no significant association between PFGE type and antimicrobial resistance profile. The lack of correlation between pulsotypes and antimicrobial resistance is presumably due to the diversity in bacterial genome identified by the PFGE analysis, while most of the resistance patterns are carried by plasmid genes.
The genetic diversity of L. monocytogenes, especially those isolated from bovine hides and carcasses, may suggest a common source of contamination with a strain already persisting in the abattoir, or introduction of such strain into the slaughterhouse environment during, e.g. animal transport (15) . The investigation of a source and route of transmission of bacterial pathogens is important to eliminate or reduce a risk connected with a consumption of contaminated beef meat. PFGE and subsequent molecular analysis of the isolates is an important tool to demonstrate a genetic relationship of the strains and possible spread of the pathogen in the food chain. In the study, the isolates with the same PFGE profiles were found to cluster into the same groups, especially among L. monocytogenes isolates of the hide origin, which may suggest that they had been from the common source and transmitted from one slaughtered animal to another. Similar observations were made by Guerini et al. (7) during the investigation of strains isolated from a cattle processing plant. It is not clear whether the bovine carcasses tested in the study had been contaminated with the bacteria of hide origin. As it was shown with the PFGE analysis only two isolates recovered from carcasses (clusters C5 and C7) had the identical molecular profile as those identified on bovine hides. On the other hand, most of the isolates recovered from hides and corresponding carcasses displayed diverse fingerprints that suggest that the source of their contamination was different and exclude the crosscontamination during the slaughter process. Thus, it may suggest that the most probable source of contamination was the environment due to insufficient cleaning procedures undertaken in the abattoir. In case of beef meat isolates, several identical PFGE profiles were detected but the samples tested were from different supermarkets and analysed at different time, which suggests that the source of contamination was not the same. However, many strains demonstrated the same PFGE profile, virulence marker and antibiotic resistance patterns, which may indicate the presence of persistent L. monocytogenes along beef production chain. Similar observations were also noted during other conducted studies where the strains in the meat processing environment survived even for a 3-year period (8, 10, 12, 13) . It has been also proved that the improvement of hygiene procedures reduced the prevalence and spread of L. monocytogenes in meat products intended to retail sale (1, 11) .
In conclusion, PFGE used in the study, connected with antimicrobial resistance and virulence gene profiles, provided a valuable information on genetic relatedness of L. monocytogenes isolates along beef production chain. It was proved that the bacterial isolates were grouped into diverse clonal groups, which may suggest different sources of contamination. However, several strains showed identical PFGE patterns indicating a close relationship of the L. monocytogenes isolated from different sources and different periods. Therefore, further studies are needed to assess the source and transmission routes of L. monocytogenes in beef chain and possible threats for the consumers.
